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Indoor Coal Combustion Emission6STM1and GSTT1Genotypes, and
Lung Cancer Risk: A Case-Control Study in Xuan Wei, China

Qing Lan,? Xingzhou He, Debra J. Costa, Linwei Tian, Introduction

Nathaniel Rothman, Guizhou Hu, and Judy L. Mumford In rural Xuan Wei County, Yunnan Province, China, the lung
Center for Environmental Medicine and Lung Biology, University of North cancer mortality rate is five times the national average. Females
Carolina, Chapel Hill, North Carolina 27599-7315 [Q. L., D. J. C.]; Chinese in Xuan Wei County are almost all nonsmokers, yet they have

Academy of Preventive Medicine, Beijing, 100050 China [X. H.]; University the highest |ung cancer rate in China (eight times the Chinese

of California, School of Public Health, Berkeley, California 94720 [L. T.]; . .
Occupational Epidemiology Branch, Division of Cancer Epidemiology and national average for females)' and the rate among men Is also

Genetics, National Cancer Institute, NIH, Bethesda, Maryland 20892 [Q. L., among the highest in Chi_na- In general, male lung cancer
N. R.J; Biomar International, Chapel Hill, North Carolina 27514 [G. H.]; and mortality rates are usually higher than female rates, presumably
United States Environmental Protection Agency, Research Triangle Park, because of their higher smoking rates. It is very unusual to find

North Carolina 27711 [J. L. M ] similar female and male lung cancer mortality rates (especially

when the females are mostly nonsmokers), but this is the case
in Xuan Wei (27.7 and 25.3 per 100,000 for males and females,
Abstract respectively; Ref. 1).

Previous studies have shown an etiological link between
lung cancer mortality and domestic smoky coal use. Smoky
coal emissions contain high concentrations of PAKE-5).
Indoor air concentration of particulate matter and extractable
organic matter can reach as high as 24.4 and 17.6 fhg/m
respectively, during the burning of smoky coal for home cook-
ing and heating (1). The corresponding concentrations of ben-
zo@)pyrene, an indicator of PAHs, can become as high as 14.7
wg/m? (6) during cooking, comparable to exposure levels ex-
perienced by coke oven workers.

The role of genetic polymorphisms in relation to lung
cancer risk has not been investigated previously in Xuan Wei.
The polymorphic GST superfamily encodes enzymes that are
known to catalyze the conjugation of xenobiotics and glutathi-
one, and thus, these genes may play a significant role in the
detoxification and occasional activation of xenobiotics. Normal
or increased GST enzyme activity may protect susceptible

The lung cancer mortality rate in Xuan Wei County,
China is among the highest in the country and has been
associated with exposure to indoor smoky coal emissions
that contain high levels of polycyclic aromatic
hydrocarbons. This risk may be modified by variation in
metabolism genes, includingGSTM1, which encodes an
enzyme known to detoxify polycyclic aromatic
hydrocarbons. To investigate the relationship between
GST genotypes and lung cancer risk in Xuan Wei
County, we analyzedGSTM1 and GSTT1genotypes in a
population-based case-control study. A total of 122 lung
cancer patients and 122 controls, individually matched by
age, sex, and home fuel type, were studied. Compared to
subjects who used less than 130 tons of smoky coal
during their lifetime, heavier users (=130 tons) had a 2.4-
fold (95% confidence interval, 1.3—4.4) increased risk of

lung cancer. The GSTM1null genotype was associated tissues from somatic mutations in cellular DNA by facilitating
with a 2.3-fold (95% confidence interval, 1.3—4.2) the conjugation and subsequent elimination of electrophilic
increased risk of lung cancer. Furthermore, there was carcinogens. Carriers of homozygous deletions inG&M1
some evidence that smoky coal use was more strongly andGSTTlgenes display a lack of GSTM1 and GSTT1 enzyme
associated with lung cancer risk amongzSTMI-null activity, respectively (7). The GSTM1 enzyme detoxifies the
versus GSTMI-positive individuals. In contrast, the reactive metabolites of PAHs and other electrophilic carcino-
GSTT1genotype was not significantly associated with gens, whereas the GSTT1 enzyme metabolizes other potential
lung cancer risk. Our data suggest that theGSTMZIL-null carcinogens, such as halomethanes and ethylene oxide (8, 9).
genotype may enhance susceptibility to air pollution from Variant forms of these susceptibility genes are common in the
indoor coal combustion emissions. population, and based on their specific substrate specificities,

they may interact only with particular components of an envi-
ronmental exposures and thereby alter risk of developing lung
cancer. Given that lung cancer risk in Xuan Wei County is in
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associated with increased lung cancer risk.
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Subjects and Methods specific primer pairs and a third primer pair f8fglobin in the
Study Design and Inclusion Criteria. This was a population- ~ Same amplification mixture. The absence of eith&STM1-or
based case-control study. All residents of Xuan Wei were @ GSTTlspecific fragment indicated the corresponding null
considered the target population. During the period from March genotype. Ag-globin-specific fragment was used as a positive
1995 to March 1996, 135 newly diagnosed lung cancer cases, control for the adequacy of PCR. The buccal cell sample from
based on a minimum of clinical symptoms and X-ray, were €ach subject was assayed twice. Evaluation of genotypes was
identified at Xuan Wei County Hospital, Yang Chang Mine carried out blinded to case status.
Hospital, Lai Bin Mine Hospital, Yun Dan Hospital, and the Statistical Methods. Matched ORs and 95% ClIs were used to
Yunnan Provincial First People’s Hospital (located in Kun- estimate the association between lung cancer @8d@ geno-
ming). Almost all lung cancer cases diagnosed in Xuan Wei types and other risk factors by univariate and multiple condi-
County are admitted to one of these five hospitals. Among the tional logistic regression using Statistical Analysis Software,
135 cases, 133 cases (98%) agreed to participate in this studyversion 6.12 (SAS Institute Inc.), and S-PLUS for Windows
The additional criteria for inclusion as a lung cancer case for (MathSoft Inc., Cambridge, MA). The OR for smoky coal use
this study were as follows:aj confirmation of the clinical was estimated for the mean lifetime cumulative exposure to
diagnosis of lung cancer based on the examination of tissue (14Smoky coal, based on the distribution in the controls. In addi-
cases; 10.5%), tracheal lavage and tracheal brushing (21 casesgtion, smoky coal use was modeled as a linear relationship
15.8%), or sputum sample (70 cases; 52.6%)bptHe subject between the total amount of smoky coal use and the log odds of
died within a 1-year period (17 cases; 12.8%). We chose the lung cancer. The linear relationship was checked by adding a
1-year limit based on a report by Hdial. (10) showing that the quadratic term to the regression model and there was no sig-
1-year survival rate among Xuan Wei lung cancer patients was nhificant improvement in fit. Furthermore, nonparametric logis-
43.2%. Thus, we used death within 1 year as a way to substan-tiC regression models using generalized additive models (14)
tiate the diagnosis of lung cancer for those for whom we had also indicated that a linear model was appropriate for these data.
only clinical symptoms and X-ray records available. A total of Additional variables used in the analysis were pack-years
122 lung cancer cases met the above inclusion criteria. Among of tobacco smoking (defined as cigarette packs smoked daily
them, cell type information on 35 cases was available including multiplied by years of smoking, gram equivalents of leaf to-
24 non-small cell carcinoma, 3 small cell carcinoma, and 8 bacco, assuminl g per cigarette), COPD, and a family history
others. of lung cancer. The first three variables were defined using two
One control was selected for each lung cancer case, matchinglevels according to the approximate mean of the distribution in
by sex, age£2 years), village, and type of fuel currently used for the control group. COPD includes chronic bronchitis and/or
cooking and heating at home. Within 2 weeks after the diagnosis emphysema. History of COPD was based on the county or
and recruitment of each lung cancer case, a control was selectedfommunal hospital record. Chronic bronchitis was defined as
randomly from the list of household registrations (which included having a medical history of cough and sputum on most days for
age and sex) from the same villages in which the lung cancer at least 3 months over 2 consecutive years. Emphysema diag-
patient lived. The participation rate of the controls was 100%. A Nosis was based on clinical symptoms, X-ray, and/or other
standardized closed-question form of questionnaire was used tohospital records. The subject was defined as having a positive
obtain demographic information, smoking history, family and per- family history of lung cancer if there was at least one case of
sonal medical history, and information on other variables. Each Ung cancer among first or second-degree relatives. In this
subject was asked to recall the total tonnage of smoky coal or the Study, most of the subjects with a positive family history had at
number of tractor loads (which can be equated with tonnage) that least one first-degree relative who had developed lung cancer;
were purchased annually from the local coal distributor. The Only one subject had a second-degree family relative with a
subjects were also asked about any change in the rate of theirhistory of lung cancer. An ever-smoker was defined as a smoker
consumption of smoky coal. The cumulative exposure to smoky ©f at least one cigarette per day for 6 months or longer. The
coal use for a given individual was determined by multiplying the @ssociation between smoky coal and lung cancer was stratified
annual rate of smoky coal use times the number of years. Coal PY GSTM1genotype, and tests were performed to assess de-
consumption was generally fixed for the households over the life Parture from multiplicative effects. The analyses were also
cycle of the family. Trained investigators interviewed all cases at conducted both including and excluding the 17 cases who
the hospital, whereas controls were interviewed in their homes. For [acked tissue or cytological confirmation who had died within
the protection of the human subjects, this international research year, and the results were very similar. The results presented
study was conducted according to the guidelines of the World here include these 17 cases.
Medical Association Declaration of Helsinki. All of the subjects in
this study signed a consent form. The research protocol was Resylts

approved by an EPA Human Subjects Research Review Official. Table 1 shows the distribution of characteristics for both cases

Buccal Cell Sample Collection.Each case and control pro-  ang controls. Age, sex, and type of fuel source were compara-

vided a sample of buccal cells for genotyping. They used a ple. Eighty-eight % of the males were tobacco smokers,

and then washed into the saline solution; these were collectedgroup, educational level, household income, and dwelling type
and stored in a second saline solution Containing 50% ethanol were Comparab|e in cases and controls (not shown)_
at—20°C. The buccal cells were transported to the United States  Taple 2 shows association between several risk factors and

by air and immediately frozen at —20°C. the development of lung cancer in both unadjusted and adjusted
Genotyping. DNA was isolated from the buccal cells as de- analyses. A significant increase in the risk of lung cancer was
scribed previously (11). Determination G)STM1andGSTT1 found for theGSTM2null genotype (OR, 2.3; 95% CI, 1.3—
genotypes was conducted using a previously reported PCR-4.2). Compared to subjects who used less than 130 tons of
based method (12, 13). This method included using GSF smoky coal during their lifetime, heavier users had a 2.4-fold
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Table 1 Distribution of subject characteristics in lung cancer patients and

Table 3 ORS' and 95% Cls for lung cancer in relation @ TM1genotypes

controls and smoky coal use
Cases Controls Total smoky coal use GSTM1
Variables n =122 n =122 P2 ; ilati "
( n (%) ) ( n (%) ) without ventilation (tons) Positive Null
Categorical <130 1.0 (reference) 1.8(0.8-4.1)
Sex 17/32 34/40
Male 79 (64.8) 79 (64.8) =130 1.8 (0.7-4.6) 5.2 (2.1-12.6)
Female 43(35.2) 43(35.2) 23130 48120
Fuel Type 20Rs and 95% Cls adjusted for pack-years, COPD, and family history of lung
Smoky coal 120 (98.4) 120 (98.4) cancer by multiple logistic regression.
Smokeless coal 2(1.6) 2(1.6)
Ever Smoker (male)
No 9(11.4) 10 (12.7)
Yes 70 (88.6) 69 (87.3) 0.81 . . . . . .
Continuoug log-linear increase in lung cancer risk, and its potential inter-
Age 55, 11 55, 12 0.46 action withGSTM1genotype. When coal use was expressed as
Smoky coal use without ~ 172.0, 105.6 130.3, 77.1 0.001 a continuous variable, the risk of lung cancer was increased by
ventilation (tons) 1.7-fold per 100 tons (95% CI, 1.3-2.4) for all subjects, by
Pack-years (male) 27.6,20.1 25.8,22.3 0.65 1.2-fold per 100 tons (95% ClI, 0.8—1.9) amoB& TM1posi-

aPp based ony? test ort test.
b Mean, SD.

Table 2 ORs and 95% Cls for lung cancer according to different factors

Factors Casesn  Controlsn OR? OR®
(%) (%) (95% ClI) (95% ClI)

GSTM1

GSTMipositive 40 (32.8) 62(49.2) 1.0

Null 82(67.2) 60(50.8) 2.2(1.3-3.7) 2.3(1.3-4.2)
GSTT1

GSTT1-positive 49 (40.2) 58(47.5) 1.0

Null 73(59.8) 64 (52.5) 1.3(0.8-2.2) 1.3(0.7-2.3)
Smoky coal use without ventilation (tons)

<130 51(41.8) 72(59.0) 1.0

=130 71(58.2) 50(41.0) 2.4(1.3-4.4) 2.4(1.3-4.4)
Pack-years (PY)

0<PY<25 27 (38.6) 36(52.2) 1.0

PY = 25 43(61.4) 33(47.8) 1.7(0.9-3.1) 1.5(0.8-2.9)
COPD

No 76 (62.3) 87(71.3) 1.0

Yes 46 (37.7) 35(28.7) 1.5(0.9-2.5) 1.3(0.7-2.2)
Family history of lung cancer

No 102 (83.6) 108(88.5) 1.0

Yes 20(16.4) 14(11.5) 1.6(0.7-3.5) 1.6(0.6-3.8)

2 ORs and 95%s Cls obtained by univariate conditional logistic regression anal-
ysis.

PORs and 95% Cls adjusted for total smoky coal use without ventilation,
pack-years, COPD, and family history of lung cancer by multiple conditional
logistic regression.

¢ Evaluated only in male smokers by unconditional logistic regression.

(95% Cl, 1.3—4.4) increased risk of lung cancer. Smoking more
than 25 pack-years was associated with a 1.5-fold (95% ClI,
0.8-2.9) increased risk of lung cancer.

Compared to subjects exposed to low levels of smoky coal
(<130 tons) who wer&STMZpositive, the OR was 1.8 (95%
Cl, 0.8—4.1) forGSTMZXnull subjects exposed to low levels of
smoky coal €130 tons) and 1.8 (95% CI, 0.7—-4.6) for the
GSTMZpositive subjects exposed to high levels of smoky coal
(=130 tons; Table 3). The OR for the joint effect of high levels
of smoky coal exposure and tl&STMZInull genotype was 5.2
(95% CI, 2.1-12.6), although the test for multiplicative inter-
action was not significanty( = 0.4).

We also explored the association between smoky coal

tive subjects, and by 2.4-fold per 100 tons (95% CI, 1.6-3.9)
amongGSTMZtnull genotype subjects (test for multiplicative
interaction,P = 0.05). Results were negligibly affected after
conducting sensitivity analysis by excluding subjects at the
high extreme of smoky coal use.

Discussion

We carried out a population-based case-control study of lung
cancer in Xuan Wei County, China, and found that high levels
of smoky coal use and théSTMZxnull genotype were each
associated with increased risk. Furthermore, there was some
evidence that the smoky coal-lung cancer association was stron-
ger among subjects who we@STM1null compared to indi-
viduals with a positiveGSTM1genotype. These findings are
consistent with our previous report that PAHs are probably the
major class of lung carcinogens present in smoky coal (1) and
with the well-established role of GSTM1 in the detoxification
of these compounds (9).

Our study has several strengths. It was population based
and had very high participation rates among both cases and
controls. Furthermore, we were able to quantitatively estimate
smoky coal use for each subject. In addition, genotyping was
carried out twice on all samples to minimize genotype misclas-
sification. Fifty-one % of our controls carried tf&STMZnull
genotype, and 52.5% had t&STT tnull genotype; these fig-
ures are in agreement with previous reports of the prevalence of
these genotypes in Chinese populations (15-19). Finally, our
series of lung cancer cases is relatively unique in that smoky
coal exposure is the primary etiological factor, in contrast to
tobacco for most populations. This is particularly so for non-
smoking women in Xuan Wei, whose lung cancer incidence
rate is the highest in China (1).

Our study had a number of limitations. There is resistance in
rural China to invasive medical procedures, such as biopsy, sur-
gery, and autopsy. Only 105 (86%) of our cases were confirmed by
histology or cytology. For the other 14% & 17 cases), we had
to rely on chest X-ray, medical history and death within one year
after diagnosis. However, restriction of the analysis to the 105
cases confirmed by examination of cytology or biopsy samples
produced results that were similar to the analyses using the total
study group. Second, our sample size was relatively small, and as
such, our study had low power to detect both the crude main
effects of genetic variants and interactions between genetic and
environmental risk factors. Nevertheless, we did find some evi-

exposure as a continuous variable, which was consistent with adence that cumulative smoky coal use, when analyzed as a con-
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tinuous variable, was more strongly associated with risk of lung
cancer among subjects with t@ESTM2null genotype.

To our knowledge, there are no previous report&8TM1
genotype and lung cancer risk within a population in which lung
cancer risk is caused primarily by environmental PAH exposure. A

4. Lan, Q., Chen, W., Chen, H., and He, X. Z. Risk factors for lung cancer in
non-smokers in Xuanwei County of China. Biomed. Environ. $i]112-118,
1993.

5. Liang, C. K., Quan, N. Y., Cao, S. R., He, X. Z., and Ma, F. Natural inhalation
exposure to coal smoke and wood smoke induces lung cancer in mice and rats.
Biomed. Environ. Sci.1: 42-50, 1988.

recently reported cross-sectional study of coke oven workers, who ¢ Mumford, J. L., Helmes, C. T., Lee, X. M., Seidenberg, J., and Nesnow, S.

are exposed to high levels of PAHSs, found that individuals with the
GSTMInull genotype had elevated PAH-DNA adduct levels in

peripheral blood lymphocytes (20). This provides some biological
support for our observation that tt@STM2null genotype in-

creases lung cancer risk in the presence of substantial environ-

mental PAH exposure.

A recent meta-analysis 06STM1 genotype and lung
cancer risk reported that th@STM:null genotype was only
weakly associated with lung cancer risk in the general popula-
tion (21). However, the vast majority of lung cancer cases in
these studies were most likely attributable to tobacco smoke,
and there is still uncertainty about which of the many carcin-
ogens in tobacco smoke are most important for lung cancer risk.

Mouse skin tumorigenicity studies of indoor coal and wood combustion emissions
from homes of residents in Xuan Wei, China with high lung cancer mortality.
Carcinogenesis (Lond.}L1: 397—403, 1990.

7. Seidegard, J., Vorachek, W. R., Pero, R. W., and Pearson, W. R. Hereditary
differences in the expression of the human glutathione transferase active on
trans-stilbene oxide are due to a gene deletion. Proc. Natl. Acad. Sci. 88A,
7293-7297, 1988.

8. Ketterer, B., Harris, J. M., Talaska, G., Meyer, D. J., Pemble, S. E., Taylor,
J. B., Lang, N. P., and Kadlubar, F. F. The human glutathiSrieansferase
supergene family, its polymorphism, and its effects on susceptibility to lung
cancer. Environ. Health Perspe@8: 87-94, 1992.

9. Hayes, J. D., and Pulford, D. J. The glutathioBéransferase supergene
family: regulation of GST and the contribution of the isoenzymes to cancer
chemoprotection and drug resistance. Crit. Rev. Biochem. Mol. E36t.445—
600, 1995.

In contrast, many of the lung cancer cases in our series were 10. Hu, F., Wu, Y., Zhu, H., Guo, C., and Zhao, H. Natural survival of lung

probably caused by exposure to PAHs. As such, they may
represent a relatively unique population in which to study
genetic modification of these compounds.

We found no association between B8TTinull genotype
and lung cancer. This result could be attributable to the fact that
GSTT1 is not important, or at least not rate-limiting, in the me-
tabolism of PAHs (22). Alternatively, given our relatively small
sample size, our null finding could represent a type Il error.

In conclusion, we found that smoky coal use and the
GSTMnull genotype were associated with increased risk of
lung cancer in Xuan Wei County. Furthermore, there was some

cancer observed in general in Xuan Wei county (in Chinese). CaBrcé2—43,
1989.

11. Scherczinger, C. A., Bourke, M. T., Ladd, C., and Lee, H. C. DNA extraction
from liquid blood using QIAamp. J. Forensic. Sel2: 893—-896, 1997.

12. Bell, D. A,, Taylor, J. A., Paulson, D. F., Robertson, C. N., Mohler, J. L., and
Lucier, G. W. Genetic risk and carcinogen exposure: a common inherited defect
of the carcinogen-metabolism gene glutathi@ansferase M1GSTM) that
increases susceptibility to bladder cancer. J. Natl. Cancer 8%t1159-1164,
1993.

13. Chen, C. L., Liu, Q., and Relling, M. V. Simultaneous characterization of
glutathioneS-transferase M1 and T1 polymorphisms by polymerase chain reac-
tion in American whites and blacks. Pharmacogenefic4,87-191, 1996.

evidence that the association between smoky coal and lung 14. Hastie, T., and Tibshirani, R. Generalized additive models. London: Chap-

cancer was stronger among subjects withG®&TMZnull gen-
otype. This study provides the first evidence, to our knowledge,
that the GSTMnull genotype may be associated with lung
cancer risk attributable to environmental PAH exposure. This

man & Hall, 1990.

15. Seow, A., Shi, C. Y., Chung, F. L., Jiao, D., Hankin, J. H., Lee, H. P.,
Coetzee, G. A., and Yu, M. C. Urinary total isothiocyanate (ITC) in a population-
based sample of middle-aged and older Chinese in Singapore: relationship with
dietary total ITC and glutathion&transferase M1/T1/P1 genotypes. Cancer

hypothesis should be evaluated in larger studies carried out Epidemiol. Biomark. Prev.9: 775-781, 1998.

within Xuan Wei County and other populations with substantial
environmental exposure to PAHSs.
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